INTRODUCTION
Total joint replacement (TJR) is an increasingly-performed orthopaedic operation in the United Kingdom [1] and the patient groups having these operations are progressively younger with high activity levels and thus high demands. Sophisticated measures have been developed to more closely reflect health gains associated with TJR beyond mortality and morbidity rates, operative complications and implant survival [2, 3] . General function has been shown to improve following TJR but an important and often-neglected consideration are the levels of athletic participation following these operations in younger populations; this has particular relevance given that athletes are at greater risk of developing osteoarthritis of the hip and knee [4] [5] [6] . Such patients will have high expectations of continuing to participate in athletic activity following surgery [7] . Relatively few studies have investigated return to sporting activity following TJR. Conflicting opinions have emerged about the suitability of athletic activity following total hip replacement (THR) [8] [9] [10] [11] [12] and total knee replacement (TKR) [13, 14] . Recent studies analysing the return to sport for both TKR and THR patients were unable to find a difference in rates between the two joints [15, 16] . It has, however, been demonstrated that rather than the type of implant received, characteristics such as male sex, lower age, lower BMI and a high pre-operative level of sport participation predicted increased chances of return to athletic activity post-TJR [17] . In addition, TJR patients participating in athletic activities may be at increased risk of acute complications, such as periprosthetic fracture or dislocation; repetitive loading of the implant may pre-dispose to osteolysis and subsequent aseptic loosening [18] . Implant retrieval studies in TKR patients have demonstrated a statistically significant correlation between rates of linear and volumetric wear and University of California, Los Angeles (UCLA) activity scores [19] ; similar associations are seen in THR populations [20] . Therefore, although participation in sporting activity is possible post-TJR, it has also been demonstrated that there is a decline in high-impact activities and no studies have explicitly considered specific reasons for the failure of patients to continue with such high-impact activity following TJR. Understanding this is key so that patients considering TJR can be well informed regarding their post-operative prognosis for sporting participation. The aim of this study is to investigate the activity levels and rate of return to athletic activity post arthroplasty and identify qualitative reasons for changes in activity participation.
MATERIALS AND METHODS
A single centre, single surgeon, retrospective questionnaire study was designed. Ethical board approval was received. From the personal database of the lead surgeon (FSH), a list of patients who have received either THR or TKR was obtained with at least 2 years' follow-up. Patients were excluded if they were over the age of 65 years, had an American Society of Anaesthesiologists (ASA) grade of greater than 2 or another joint replacement in situ in order to control for factors that are known to reduce participation in sports post arthroplasty and confound results [17] .
Questionnaires
Participation in sports after arthroplasty was determined with the use of selfadministered validated activity and lifestyle questionnaires and a subjective activityrelated questionnaire. The Oxford Knee and Hip Scores (OKS, OHS) [21] were used to assess the joint-specific functional abilities of the patients. The short form 12 (SF-12) was used to assess the general lifestyle of the patient and has also been validated following TJR [22] . The UCLA activity scale was used to determine participation in functional activity related to sports and correlates most closely with other functional activity scores in comparison to the Tegner score [23] . Patients were asked to complete one UCLA score for the time just prior to their operation and one for their current activity levels. A questionnaire was designed to specifically assess patients' participation levels in sporting activity and reasons behind a lack of participation of sports (if any) (Appendix 1). All patients under the care of the lead surgeon have their OKS/OHS and SF-12 scores collected at the time of surgery as routine practice; these scores were used as their baseline measurements.
Data collection
A total of 80 suitable patients were selected from the database. All patients were contacted by telephone to gain consent for participation. Instructions for completing questionnaires were given with a further option for contact after receipt of the questionnaire to discuss any points for clarification. All patients agreeing to participate received the above questionnaires either via email or via post with a stamped-return envelope. After two weeks, 52 questionnaires were received. The remainder received a telephone call as a reminder and 8 further responses were received. Two weeks following this, the remaining non-responding patients received a telephone call as a reminder. The final number of questionnaires received was 64, giving a total 80% response rate. Upon collection of all data, the scores were entered into a secure database. The sample mean and standard deviation was calculated for the OHS, OKS, SF-12 and UCLA scores. Frequency tables were made for the responses to the sports activity questionnaire.
Statistical analysis
Descriptive statistical testing was done using XLSTAT software version 7 (Addinsoft, New York, United States) and separate analysis was performed for THR and TKR patients. A Shapiro-Wilk calculation demonstrated the scores were normally distributed and a paired t-test was used to compare outcomes within the different joint replacements at baseline and at two years, whilst an independent t-test was used to compare the outcomes of SF-12 and UCLA scores between THR and TKR patients. Chi-squared testing was used to compare the outcomes of the activity questionnaire. A significance level of P = 0.05 was set.
RESULTS
A total of 80 questionnaires were sent out to eligible participants and a total of 64 completed forms were received, giving a response rate of 80%. All patients were a minimum of two years since their operation. Their demographics are presented in 
Functional scores
There was an increase between mean baseline and two-year OHS and OKS scores (Table 2) , which was statistically significant (P < 0.0001). There was an increase between the mean baseline and two-year SF-12 scores for both the physical and mental portions which was statistically significant (P < 0.0001). The difference between the two joint cohorts demonstrated a higher mean physical score for the TKR cohort but no statistically significant difference between the two joints using an independent t-test at two years post-TJR (P = 0.88) and a higher mean mental score for the TKR cohort at two years post-TJR which was statistically significant (P = 0.005).
The mean baseline UCLA score for the entire cohort was 7.67 (range 6-10). At two years, the mean score was 7.69 (range 6-10) with no statistically significant difference (P = 0.91) between baseline and two year scores. Nine patients had an improvement in their score at 2 years whilst seven patients had a decrease in their score; 48 patients had the same score. Within the joints, there was an increase in the mean UCLA score in THR patients (7.78 to 7.93) and a decrease in TKR patients (7.5 to 7.29). Neither of these results was statistically significant (P = 0.47 for THR cohort and P = 0.17 for TKR cohort). The difference between the two joint cohorts is shown in Table 2 , demonstrating that THR patients had a higher mean 2 year UCLA score than the TKR cohort; this was found to be statistically significant (P = 0.03). There were no dislocations and no revisions for fracture, infection or instability amongst the patients.
Sports activity questionnaire
The responses to the questionnaire are displayed in Figures 1-6 and Table 3 . There were no statistically significant differences in the responses based on the type of TJR for satisfaction with their TJR (P = 0.997), likelihood of recommending a TJR (P = 0.644), importance of athletic activity post-TJR (P = 0.768), frequency of performing athletic activity post-TJR (P = 0.834) and ability to perform athletic activity post-TJR (P = 0.645) When asked the reasons for non-participation in their chosen athletic activity, 17 patients felt they had no limitations to performing their chosen activity. The most common reasons listed for non-participation were "I don't want to stress my joint replacement" (17 patients), "A physiotherapist/other doctor/other health professional has told me not to do the activity any more" (11 patients) and "My surgeon has told me not to do the activity anymore" (10 patients). There was no statistically significant difference in the responses based on type of TJR (P = 0.995).
DISCUSSION
The aim of this study was investigate the two-year activity levels and rate of return to athletic activity post arthroplasty and identify qualitative reasons for changes in activity participation. It has been demonstrated that all patients in our cohort returned to athletic activity. Patients are satisfied with their TJR and the ability to perform athletic activity is important. The most common sports to participate in preoperatively are cycling, golf and running; post-operatively, these tend to be maintained, with tennis and gym also becoming popular. Patients are often able to return to their chosen activity and perform at a similar, if not better, ability in comparison to pre-operative levels. Patients are able to participate in athletic activity at least weekly, if not more frequently. The main reasons for non-participation in athletic activity were because of themselves not wanting to stress their joint replacement or under instruction from the surgeon or other doctor/health professional. In our cohort 100% of patients returned to athletic activity. This compares favourably with studies reporting a range of rates of return to sport between 54% [24] and 98% [25] . A higher rate of return to athletic activity has been observed with later studies and may reflect a more relaxed attitude of surgeons to what their patients may be permitted to do after surgery based on a greater body of evidence.
Changes between types of activity
The range of sports described by our patients is fairly typical of other studies and comparatively, our cohort maintains a higher level of performance. Only seven of the cohort had a lower UCLA score at two years in comparison to their baseline score. In these cases, there was no consistent reasoning given for a change in their activity participation. The relatively younger age of our study, combined with the absence of other joint problems can explain our cohort's overall maintenance of high impact activities. In addition, the questionnaire may not have accurately reflected a flux in the types of activity performed: some patients may have tried to persist with their higher-impact activity for a period after their operation before trying and settling for a lower-impact activity. Similarly, there may be some patients who have started lowerimpact activities after their operation but may eventually start and sustain higherimpact activities. Therefore, the post-operative UCLA scores may alter with further follow-up.
Outcome scores for UCLA
Our study had a mean post-operative UCLA score of 7.69, comparing favourably with other studies [26, 27] . Some have reported higher UCLA scores: Jackson et al [28] demonstrated a mean UCLA score of 8.3 at 8.7 years post-TKR in 93 patients. Here, the main target population involved golf, which automatically gives a UCLA score of 8. Girard et al [25] demonstrated a mean UCLA score of 9.1 at 3.7 years post-HRA in 50 patients. Here, there was a lower mean patient age of 51.5 years in comparison to 55.7 in our study; it can be argued that the lower age in addition to our mixed cohort of types of arthroplasty may have influenced the mean score.
Differences between joints
In our study, the mean two-year SF-12 physical and mental scores were higher for our TKR cohort than our THR cohort; these differences were not statistically significant for the physical portion but were significant for the mental portion of the questionnaire. Given the lack of differences between the joints in other aspects of the questionnaires, we cannot find a meaningful reason for this. The mean two-year UCLA scores were higher for THR patients compared to TKR patients (7.93 vs 7.29). This was not found to be statistically significant. All but seven patients either increased or maintained their baseline UCLA score. Amongst the cohort with a lower 2-year UCLA score, there were five THR patients and two TKR patients. When comparing the two joint cohorts, we did not see any statistically significant differences for any of the parameters in the sports activity questionnaire. These findings have replicated one of the larger recent studies in this area that did not find any differences in UCLA scores or other functional outcomes between TKR and THR patients [17] . 
Reasons involving changes in activity
Prior to this study, the literature did not hold many answers regarding the reasons for non-participation in activity post-surgery. Huch et al [9] reported that of the patients that reduced their athletic activity after TJR, almost half mentioned "precaution" and just over a quarter referenced pains in other joints. However, it was not clear as to the source of the basis of this precaution -whether it was from the patients themselves or as directed by their operating surgeon.
Similarly, there has been no clear consensus on the rationality of this "precaution" from patients, i.e., why do patients not want to test their new joint. It is suggested that reducing the intensity of such activities may prolong the lifespan of the replaced joint; however, no studies to date have explicitly linked high activity rates with an increased rate of implant revision and there have been no prospective studies to delineate guidelines for safe and appropriate activities for patients with a joint replacement.
Klein et al [29] took consensus from a leading body of surgeons on safe activities for patients with a joint replacement. Given some of the differences between the activities they deemed acceptable and those that are regularly performed post-TJR, this may represent a greater tolerance from surgeons towards granting their patients the ability to a greater number of activities. This may be secondary to improved confidence in surgical technique and biomaterial advances that conferred a longer implant lifespan. With an increasing number of studies on athletic activity after joint replacement available, it can be suggested that this evidence may be used to draft a more up-todate consensus on the types of activity that patients should be able to perform.
This study has several strengths. It uses validated outcome scores allowing direct comparison with other studies. The mean outcome scores are comparable with other studies, demonstrating that our patient cohort can be considered as fairly typical of other cohorts and the conclusions on reasons for non-participation may be applied to the larger arthroplasty population with similar demographics. As patient selection has been restricted to those under the age of 60 years who have a low ASA grade and do not have multiple painful joints, this study has minimised factors known to significantly reduce participation in athletic activity post-TJR and given more insight into other factors that may reduce participation. Finally, to our knowledge, there are no other studies that have presented such detailed reasons for non-participation in athletic activity post-TJR, thus we present new information that can be used in advising surgeons, other allied healthcare professionals and their patients on capabilities in performing suitable athletic activities.
The limitations of this study are that it has a relatively small number of patients and short follow-up time. However, this study has a larger patient number and longer follow-up than other published studies. Our response rate was 80%, although this is not dissimilar to the rates of other postal questionnaire studies and we do not feel that the conclusions of the study would have been significantly altered with more responses. The study is retrospective in nature, thus the responses may be prone to recall bias on the part of the patients. Many similar studies are also retrospective in nature; therefore we do not believe the validity of our findings is reduced. Finally, in finding the qualitative reasons for non-participation in athletic activity post-TJR, nonvalidated activity questionnaires were used. However, in order to gain specific reasons for changes in participation levels, a questionnaire designed to directly assess this was felt to be more suitable as the available validated questionnaires did not cover the desired information requested. In addition, several of the papers mentioned in this study have also used non-validated questionnaires in drawing their conclusions and therefore this paper is therefore comparable in drawing its own conclusions alongside these other studies.
Future research should build on our knowledge that, at present, is largely based on mid-term retrospective studies. Given the emergence of more sophisticated outcome scoring tools, it should be suggested that prospectively-designed studies with followup beyond 10-15 years are necessary, utilising validated outcome questionnaires alongside radiographic analysis tools, such as wear analysis software, to definitively answer questions on implant survival in cases of higher athletic activity. It is important that in addition to these outcomes, all complications associated with performing athletic activity are meticulously reported, along with suspected early revisions. Finally, an up-to-date consensus piece, led by the experts in the field of arthroplasty, could provide information to surgeons, patients and allied health professionals on suitable athletic activities post-TJR. This should be based on the most recent study evidence but should not neglect the experience of the surgeons.
In conclusion, it has been demonstrated that patients are able to return to a high level athletic activity at two years post-TJR with good functional outcome scores. Patients are highly satisfied with their joint replacement and are able to participate in a variety of activities, the most common being golf, running and gym work. Patients feel that their post-operative ability to perform their activities is better than preoperatively. The main reason for changing their types of activity is because of wanting to protect their joint replacement, although some also cite instructions from their surgeon or other healthcare professional. We would recommend more prospective studies into this area of sports medicine and arthroplasty in addition to an up-to-date consensus piece by the key opinion leaders in this field to provide health professionals on suitable athletic activities post-TJR based on the most recent literature. 
ARTICLE HIGHLIGHTS

Research background
Lower limb arthroplasty is being performed in increasing numbers worldwide on progressively younger patients with few medical co-morbidities. Currently, patients who have stopped participating in athletic activity secondary to their degenerative joint disease may wish to consider returning to their chosen athletic activities. It is not presently clear as to why patients who undergo successful joint arthroplasty do not always return to athletic activity, either under any circumstance or in a different capacity to pre-operatively.
Research motivation
The issues surrounding returning to athletic activity following either hip or knee replacement are explored in this study, specifically the factors behind patients' failure to return to participation in athletic activity post-operatively. Patient expectations being met are key in satisfaction following joint arthroplasty and having information on their ability to perform athletic activity postoperatively is significant information to present the patient with pre-operatively to allow them to make informed choices.
The main objective for this study was to examine the rate of return to athletic activity post lower limb arthroplasty and determine the qualitative reasons for any failure to return to athletic activity. These objectives were met as part of the study, demonstrating that questionnaire studies of this type can deliver qualitative responses as well as quantitative scores, from which meaningful conclusions can be drawn.
Research methods
This was a single centre, single surgeon retrospective questionnaire study with descriptive statistical analysis performed to interpret the results; these methods are frequently employed in questionnaire studies of this nature.
Research results
This study demonstrated that patients can return to athletic activity following joint replacement to a satisfactory level. Reasons for non-participation in athletic activity include (in equal proportions) the patient not wanting to stress their joint replacement or instruction from either the lead surgeon or other doctor/health professional. Hip and knee replacements had similar outcomes and return to athletic activity rates. Problems remaining to be solved are the lack of explicit links between athletic activity and accelerated implant loosening; should such a link be established, it will affect the advice provided by health care professionals regarding the suitability of performing athletic activity post joint replacement.
Research conclusions
The study found there are multiple factors behind a failure to return to athletic activity, including a patient wish to preserve their joint, instructions from the operating surgeon and instructions from another health care professional, including physiotherapists and general practitioners. There is no one single reason why people, with no other co-morbidities or painful joints, do not return to full athletic activity. People who are athletically active before joint replacement have a desire to return to activity post-operatively and are able to do so to a satisfactory level, with no significant differences between hip and knee replacements. The study offers original insight in that there are now qualitative reasons behind a failure to return to normal athletic activity. Future hypotheses that could be tested are that, given the vast ability of patients to perform activity to a high level post-operatively, restrictions on activity may be unnecessary and potentially relaxed given the ability of patients in this study. In addition to a prospective study investigating the conclusions further, a consensus piece could be developed to provide information to patients, surgeons and allied health professionals about suitable athletic activities post joint arthroplasty, based both on recent evidence but not neglecting the experience of the surgeons. The variety of qualitative reasons for non-participation in athletic activities represents a new area in this field. This study confirmed that patients are satisfied with their athletic capabilities following joint arthroplasty. This study may influence the decision making for patients wishing to undergo arthroplasty but also wanting to return to sport
Research perspectives
This study demonstrated that qualitative research has a role in outcome data alongside validated outcome questionnaires. Future research should involve prospective studies with 10-15 year outcomes. The methodology should include validated outcome questionnaires for athletic activity alongside radiographic analysis to assess for implant loosening and assess implant survival in athletically active populations post arthroplasty.
